During abdominal wall closure, the patient's oxygen saturation gradually decreased from 100% into the low 90s, and the delivered tidal volume decreased. Manual recruitment maneuvers were not effective at restoring the saturation. Auscultation revealed normal breath sounds over the left thorax but distant breath sounds on the right. Fiberoptic bronchoscopy confirmed that the endotracheal tube was proximal to the carina, and both mainstem bronchi were clear of obstruction. A pneumothorax was suspected, and a postoperative chest radiograph was planned. While the surgeons were closing, the right and left hemithoraces were examined with ultrasound (surface probe: S12-4 Sector Array Transducer, ultrasound machine: HD-11; Philips Electronics North America Corporation, Andover, MA). The ultrasound probe was placed on the anterior chest wall at multiple intercostal spaces using a depth setting of 5 cm. The left chest exam demonstrated respiratory movement at the pleural line, a phenomenon known as "lung sliding." (See Video, Supplemental Digital Content 1, http://links.lww.com/ALN/A765, which is a video clip showing lung sliding.) However, the lung-sliding sign was absent on right chest exam, which was consistent with pneumothorax. (See Video, Supplemental Digital Content 2, http://links.lww.com/ALN/A766, which is a video clip showing the absence of lung sliding.) A portable chest x-ray film confirmed the presence of a 2.2-cm right-sided pneumothorax. Chest tube placement resulted in immediate improvement of tidal volumes and oxygen saturation and the return of bilateral equal breath sounds. Repeat chest x-ray showed reexpansion of the right lung. Repeat ultrasound imaging now demonstrated "lung sliding" for both the left and right chest exams. The patient was extubated at the end of the case and taken to the postanesthesia care unit with no further respiratory issues. The ultrasound evaluation took less than 2 min to complete. A 58-yr-old male with multiple psychiatric disorders, including schizophrenia, was brought to the emergency treatment center after jumping from the second story of a building. Injuries included multiple bilateral rib fractures, right femur fracture, and a proximal descending thoracic aorta dissection. The patient was immediately transported to the operating room for endovascular repair of the aorta dissection. He was uncooperative and wearing a rigid cervical collar. Anesthesia was induced with etomidate, and muscle paralysis was achieved with rocuronium. A single lumen endotracheal tube was placed in the trachea with a fiberoptic bronchoscope and positioned 3 cm above the carina. Breath sounds were equal bilaterally, and oxygen saturation was 100% after intubation. Ventilator parameters included volume control mode, tidal volume 600 ml, peak-end expiratory pressure of 5 cm H 2 O, and peak inspiratory pressure of 20 cm H 2 O. Isoflurane in air and oxygen (fraction of inspired oxygen ϭ 0.6) were used for the maintenance of general anesthesia. Over the course of the following 5 min, the patient's oxygen saturation acutely decreased to the low 80s. Endotracheal tube position had not changed. Despite an increase to 100% oxygen, oxygen saturation remained in the low 80s. On auscultation, breath sounds were diminished on the left. Using ultrasound, the right and left hemithoraces were examined (surface probe: S12-4, machine HD-11). The ultrasound probe was placed on the anterior chest wall at multiple intercostal spaces. Lung sliding was demonstrated on the right lung after the exam, but not on the left lung. Because of the patient's respiratory instability, a 14-gauge intravenous catheter was placed superior to the rib at the second intercostal space along the midclavicular line. An immediate return of air resulted. A chest tube was placed, and the patient's oxygen saturation returned to 100%. Subsequent ultrasound imaging showed lung sliding on the left side, indicating that the pleura had been reapproximated. The remainder of the intraoperative course was uneventful.
Discussion
The ability to timely diagnose a pneumothorax is an important skill for the anesthesiologist. Pneumothorax can occur from various causes such as upper extremity blocks, subclavian or internal jugular vein central lines, mechanical ventilation barotrauma, surgical entry into the pleural space, or trauma patients who develop pneumothorax with institution of positive-pressure ventilation. Traditionally the chest radiograph has been the primary method for the diagnosis of pneumothorax. In the cases described, the anesthesiologist utilized ultrasound as the first imaging modality to assess for pneumothorax. Thoracic ultrasound detection of pneumothorax has been reported in emergency medicine, 1,2 critical care, 3, 4 and military literature. 5, 6 The ultrasound examination of the chest is simple, economical, expeditious, and free of radiation. Using ultrasound to specifically rule out pneumothorax allows clinicians to forego obtaining a chest x-ray to make this diagnosis. The cost of obtaining the chest x-ray is bypassed, and the patient is not exposed to the radiation associated with the procedure. The examination should be performed in an organized fashion. For the supine patient, the ultrasound probe is positioned on the anterior chest wall to generate a longitudinal image of the "pleural line" ( fig. 1 ). This pleural line represents apposition of the visceral and parietal pleura and a small amount of interpleural fluid. The interfaces of these components reflect ultrasound. This pleural line is located at a depth of between 2 and 3 cm and is bordered by rib images at each intercostal space ( fig. 2 ). During breathing, the visceral pleura moves with respect to the parietal pleura, creating a sliding motion in the image. This is the "lung-sliding" sign (see Supplemental Digital Content 1, http://links.lww.com/ALN/A765). Because air does not reflect ultrasound, a pneumothorax will disrupt the lung-sliding sign (see Supplemental Digital Content 2, http://links.lww.com/ALN/A766). The parietal pleura border may still be seen, but the visceral pleura will not be visible. Thus, the presence of lung sliding rules out pneumothorax.
Studies have shown the finding of lung sliding to be a highly sensitive indicator to rule out pneumothorax. 3, [7] [8] [9] [10] Compared with portable chest x-ray, ultrasound has a higher sensitivity to rule out pneumothorax. In two published reports comparing ultrasound and chest radiographs, the sensitivity of ultrasound to rule out pneumothorax varied from 86 to 100%. The sensitivity of chest radiographs to rule out pneumothorax in these reports ranged from 28 to 75%. Although the specificity of ultrasound to confirm the presence of a pneumothorax ranged from 97 to 100%, the specificity of chest radiographs was 100%. 7, 8 It is important to note that the absence of lung sliding is only suggestive of a pneumothorax. 3, [7] [8] [9] Failure to identify lung sliding may result from poor technique, inappropriate ultrasound probe frequency, or the presence of dynamic noise filters. In patients with emphysema or pleural calcifications, acoustic artifacts can limit visualization of the pleural line. Loss of lung compli- ance, as occurs with atelectasis, pleural fibrosis, and pleural symphysis, may also result in the absence of lung sliding, although no pneumothorax is present. 9 Thus, chest radiograph assessment is still the gold standard to confirm pneumothorax when lung sliding is absent.
Key features of ultrasound include its immediate availability and ease of application. In the first case, the patient's cardiorespiratory status was sufficiently stable to wait for chest radiograph before proceeding with chest tube placement. In the second case, rapidly deteriorating respiratory status necessitated needle thoracostomy shortly after a left-sided pneumothorax was suggested by transthoracic ultrasound. In this situation, bilateral rib fractures had already established a high degree of suspicion for pneumothorax development, and left thoracotomy was the planned procedure. The key utility of transthoracic ultrasound was to rule out pneumothorax on the right.
The true value of transthoracic ultrasound for pneumothorax detection remains to be characterized. Effectiveness depends on the operator's skills, including familiarity with optimal windows, depth, gain, and landmark identifications. In our cases, the anesthesiologists had prior experience with transesophageal and transthoracic ultrasound. Because of high pretest probability, there was also significant suspicion for pneumothorax before transthoracic ultrasound examination. Further investigation is needed to determine the efficacy of ultrasound to detect pneumothorax among anesthesiologists with different levels of expertise.
In summary, we report two cases of intraoperative pneumothorax in which transthoracic ultrasound was utilized as the initial imaging modality and contributed to correct diagnosis and timely treatment. In conjunction with clinical information, transthoracic ultrasound can provide critical information pertaining to diagnosis of a pneumothorax in the operation room setting. 
